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m Robert L. Nelson

SUMMARY

cll1431311z --
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.

Flight tests were made at high-subsonic and superso~c speeds and
at high Reynolds numbers to determine the zero-lift drag of a fin-
stabilized body and a wing-body configuration. The 600 triangular wing
had NACA 6SAO03 airfoil sections. The body was parabolic in profile,
had a fineness ratio of 10 and a ratio of body frontal area to wtig area
of’0.0306.

The test results indicate that the wing-body combination had a
low drag at supersonic speeds. The drag coefficient based-on wing
area was approximately O.OUS for the wing and body with two fins and
0.0G68 for the body plus four fins at supersonic speeds. At subsonic
speeds the drag coefficient was 0.006S for the wing and body with two
fins and 0.0026 for the body plus four fins. The wing and body with two
fins had a force-break Mach number of 0.995. The force-break Mach number
for the body with four fins was 0.9’7.5.

INTRODUCTION

As part of an NACA program on transonic research, the Langley
Pilotless Aircraft Research Ditision is performing a series of rocket-
powered flight tests at”Wallops Island, Vs., to investigate the aero-
dynamic characteristics of several wing-body configurations. These tests

—

provide continuous data from high-subsonic to supersonic speeds at high
Reynolds numbers.
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This paper presents zero-~ft drag data

—
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for a fin-stabi~zed bo~_ “ .“ _
and a wing-body configuration having a 600 triangular “i&ngwith
NACA 6SAO03 airfoil section. The body was of parabolic profile with
maximpm diameter at .40percent of the length ~d had a fineness ratio .- ““
of 20. The body frontal area was 3.06 percent of the total wing area. .—

The wing-body configuration was designed.in an attempt to obtain low
supersonic drag by properly combining a wing and body, each having low
drag, so as to take advantage.of favorable ir$erference effects. The low #
drag characteristics of thin triangular wings~are well known. As reported
in reference 1, parabolic bodies having maxiqlm diameters in the neighbor-.._ _
hood of 40 to 60 percent of the length.were found to have low drag. Ref-
erence 2 shows that a favorable wing-body interference exists when the
wing is placed behind the body maximum diameter. A triangular wing when
placed on a body will have a large chordat the wing-body juncture and

—

thus it was necessary to select a parabolic bbdywith maximum diameter
—

at 40 percent.of the length in order to place:the wing chord completely””
behind the maximum diameter and take advantage of the possible favorable
interference.

—
—.

on

to

The Mach number range was from 0.86 to 1.S. Reynolds number, b?sed
-.—

the wing mean aerodyna@c chord of 4.84 feet, varied from 20 x Mb
—

50 x 106.

MODEL AND TESTS ‘

The general arrangement of the test configurations is presented in
figure 1. Photographs of the models on the l+unching platform are shown
as figure 2. The body was identical for both.configurations and had a
profile formed by two parabolic arcs each hating-its vertex at the maxi-
mum diameter which was.located at 40 percent of the body length. The
body had a fineness ratio of 10 with body frontal area of 3.06 percent
of the wing area. The body and wing profile;~oordinate=sare given in
table I. The 600 triangul=.wing was modified by rounding off the wing-

tips so that th~ resulting wing area was9~percent of..thebasic tri-

angular area. The wing had ??ACA6~AO03 airfo$l sections.parallel to the
model center line. Four stabilizing fins werq used on the wingless body
and two vertical fins were used on the wingedconfiguration. The plan
form and section of the tail surfaces are given in fig~e 1.

With the exception of the metal stabilizing fins, the models were
principally or wooden construction.
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Each model
apprcodmately a

was propelled by a Deacon rocket motor which delivers
thrust of 62OO pounds for 3.2 seconds.

Velocity data were obtained from Doppler radar. Drag &ta were
acquired from Doppler radar and longitudinal accelerations telemetered
from the models. Trajectory and atmospheric data were obtained from
an SOR”584 radar set and by radiosonde observations.

Some data on base pressure were obtained during both flights. The
contribution of the base to the total drag was indicated to be small,
being of the order of 6 percent or less.

The estimated accuracy of the results is as follows:

Maclinumber. . . . . . . . . . . . . . . . . . . . . . . . ●
*o.005

Drag coefficient . . . . . . . . . . . . . . . . . . . . . = ●o.0005

The variation of Reynolds number with Mach number is shown in fig-
ure 3. The difference between the two curves maY be attributed to d~-
ferent flight altitudes and air

RESULTS

Curves of drag coefficient

temperatures.

AND DISCUSSION

against Mach number are given in fig-
ure 4. The data for the wing and body with two fins are given in fig-
ure b(a). The data-for the body with four fins sre given in figure L(b).
From these data and unpublished data on fin drag the wing-plus-interference

1. drag has been determined and the results are presentedinfigure 4(c).
In determining the wing-plus-interference drag, drag coefficients for
two fins of 0.0008 at Mach numbers above 1 and of 0.000S at Mach numbers.
below 1 were subtracted from the body plus four-fin data. The resulting
data for a body with two fins, in turn, were subtracted from the w~g
and body with tw~fin data.

The test results in figure k(a) show that the wing and body with
two fins had a low supersonic drag coefficient. The supersonic drag
coefficient for this configuration, based on total wing areas varied
from 0.012 to O.O11o At subsonic speeds the drag coefficient was 0.006S.
The force-break Mach number was 0.995. The telemeter test Point at a
Mach number of 0.995 should not be regarded as a straY Point since the
continuous telemeter record of the modells longitudinal acceleration
showed a decrease in drag between Mach numbers of 0.99 and 0.995. This
decrease in drag did not occur for the body having four fins.
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The drag coefficient for the body with f,ourfins varied from 0.0072
to 0.006L at supersonic speeds and was 0.002~ at subsonic speeds. The
force break for this model occurredat a Mach ntier of 0.~75.

The wtig-plus-interference drag coefficient was only slightly greater
at supersonic speeds than at subsonic speeds. As shown in figure 4(c),
the drag coefficient was 0.0044 at sub’sonicspeeds and–increased at su~ei--
sonic speeds to a value of 0.00%. This small increase agrees with what
would be e~ected for the wing alone md indicates that the objective of ,
combining a wing and body without unfavorable interference effects was
achieved. The dip in the wing-plus-interference drag-coefficient curve
rear a Mach number of 1.0 is also believed to be a favorable wing-body
interference similar to that shown in reference 2.
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TABIE I

BODY AND WING COORDINMRS FOR

1-x --’]

TEST MODEIS

1~ t
& — —

I
Body CoordinatesIn Inches

.
Body coordinates

130-inchparabolicmodel I
x

o
O.m
1.17
1.95
3.90
7.80
11.70
15.60
23. ko
131.20
39:00
e

-
r.

o
.194
.289
.478
.938

1.80k
2.596
3.315
;.&4

6:094
6.435

x
54.60
62.40
70.20
78.00
85.80
93.60

101.40
log.20
117.00
u?4.80
130.00

1
r

6.4$)6
6.kk2
6.322
6.137
5.886 -
5.570
5.188
4.742
4.229
3.652
3.230

_P x 1,—
Y

Wing CoordinatesIn PercentChord

Wing coordinates ,
NACA 65Ao03

x
o
.50
.75

1.25
2.50
5.00
7.50

10.00
15.00
20.00
25.00
30.00

Y

0.000
.232
.282
.359
.491
.657
.796
.912

1.og7
1.237
1.344
1.421
T
XY

40 1.498
g :.49;

55 1:397
60 1.303
65 1.182
70 1.044

.888
:2 .719
85 .345
90 .364

4 .185
35.00 1.473 1% .007
L.E. radius= 0.l15c ~

T.E. radius= 0.007c I
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Figure l.- Generalarrangementof test model.
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(a) Wing-body. =5=

L-6J+583

(b) Body.

L-62945

Figure 2,- Models ti I.auuching position.
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Figure 3.- Variation of Reynolds number with Mach nwnber for test models.
Reynolds nmbers are based on wing meea aerodynamic chord of 4.84 feet.
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Figure 4.- Variation

Mach number :
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(c) Wing plus interference.
.-.—.

of drag coefficient with Mach nuinberbased on total “.
wing area of 30.2’7sq~re feet..
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